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Results: Precision errors of CT-OAM and CT-TomasD bone density
measures were less than 4.2% (Table 1). OA was identiﬁed in four
compartments of three tibiae (1 late OA+valgus, 1 late OA+varus, 1
early OA+neutral). Larger density differences between OA and normal
knees were noted using CT-TomasD compared with CT-OAM (Table 1,
Figures 1). CT-TomasD demonstrated that the two knees with late OA
demonstrated M/L BMD ratios differing by more than 3.4 SD compared
with normals, with peak cores higher than normals across all depths. The
knee with early OA and neutral alignment did not demonstrate M/L ratios
dramatically different from normals though core differences were highest
proximally, with density becoming lower than normals with increasing
depth.
Conclusions: Both CT-OAM and CT-TomasD are capable of precise
measures of subchondral cortical and/or trabecular bone density dis-
tribution in osteoarthritic and normal subjects. Peak density measures
using CT-OAM principally assess subchondral cortical bone and overlook
density changes in nearby subchondral trabeculae. Analysis of the entire
subchondral cortical endplate and nearby trabeculae can be assessed
using CT-TomasD. These preliminary results demonstrate the potential
of both CT-OAM and CT-TomasD analyses to quantify subchondral bone
density differences that may be associated with OA progression.
413 QUANTITATIVE T2, T2*, CONTRAST-ENHANCED T1
ASSESSMENT OF PORCINE KNEE CARTILAGE:
CORRELATION WITH KNEE POSITION AND BIOCHEMICAL
COMPOSITION
T. Shiomi, T. Nishii, M. Okamoto, H. Yoshikawa. Osaka University,
Osaka, JAPAN
Purpose: Knee imaging using quantitative MR imaging techniques, such
as delayed gadolinium enhanced MRI of cartilage (dGEMRIC), T2 and
T2* has shown usefulness in non-invasive assessment of physiological
compositions and degenerative changes of the articular cartilage. Those
MR assessments in vivo, however, may be inﬂuenced by magic angle
effect and intra-articular biomechanical environment, especially at various
knee positions such as ﬂexed knee. The purpose of this study is to
examine inﬂuence of knee ﬂexed positions on cartilage assessment by
T2, T2* and contrast-enhanced T1 using cadaver porcine femoral-tibial
joints, and to correlate with biochemical composition.
Methods: Eight porcine knee joints were imaged using 1.5T MR equip-
ment (Siemens, Germany). Before imaging, a small cylindrical bone
defect was made as a ﬁducial mark (Fig 1), to enable reproducible
identiﬁcation of the same imaging plane and deﬁnitions of regions of
interest (ROIs). First, sagittal T2 and T2* maps were obtained in the
medial and lateral joints, with knee extended position (Position A: ﬂexion
0ºand the femoral shaft in parallel to B0), knee ﬂexed position (Position B:
ﬂexion approximately 40ºand the femoral shaft oriented 40º to B0), and
oblique-placed knee extended position (Position C: ﬂexion 0º and the
femoral shaft oriented 40º to B0) for evaluation of the isolated inﬂuence of
magic angle effect. Then, contrast-enhanced T1 maps after equilibration
in 1mM Gd-DTPA2− for 3 hours, were obtained in the same plane at
Position A, B and C. In each mapping at Position A, three ROIs were
manually deﬁned on the femoral cartilage (Figure 1); ROI 1 was covered
by the anterior meniscus at the weight-bearing area and parallel to B0,
ROI 2 and 3 were free from that area and oriented 25º and 50º to B0,
using the ﬁducial mark. T2, T2*, and contrast-enhanced T1 values with
knee extension and ﬂexion in each ROI were compared using a paired
t-test. Full thickness cartilage disks (diameter of 4mm) were removed
at each ROI, and proteoglycan (PG) and hydroxyproline (HP) content of
cartilage were measured by spectrophotometric assay.
Results: At Position A, the average values of ROI 1/2/3 were
81/98/113ms of T2, 33/46/49ms of T2* and 150/210/247ms of contrast-
enhanced T1 values. Those values were not correlated with PG and HP
content. At ROI 1, T2/T2*/contrast-enhanced T1 values at Position B
increased by 24%/68%/24% and those values at Position C increased
by 6.8%/11%/9.7% averagely, as compared with Position A (Figure 2).
At ROI 3, those values at Position B decreased by 18%/2.8%/2.4% and
at Position C decreased by 12%/6.7%/12% averagely, as compared with
Position A. There was signiﬁcant increase of T2 value in ROI 1 on the
lateral and T2* value in ROI 1 and 2 on the medial joint at Position B, and
decrease of T2 value in ROI 3 on the lateral joint at Position B. (p< 0.05)
At Position C, T2, T2* and contrast-enhanced T1 values showed less
changes in ROI 1 and 3 than at Position B.
Conclusions: The ﬁnding concerning absence of correlation between
quantitative MR values and biochemical analysis may be caused from
inﬂuence of magic angle effect and variation of inﬁltration of contrast
medium among ROIs. Our results may suggest that quantitative MR
measurements allow intra-articular biomechanical assessment in asso-
ciation with knee ﬂexion, after excluding factors of magic angle effects.
Clinically, attention should be paid on knee positions, to achieve reliable
assessments of the knee cartilage in comparative or longitudinal studies.
Figure 1. Sagittal Gd-DTPA2− enhanced MRI maps at Position A (ﬂexion
0º and the femoral shaft in parallel to B0), at Position B (ﬂexion 40º and
the femoral shaft oriented 40º to B0) and at Position C (ﬂexion 0º and
the femoral shaft oriented 40º to B0). Blue arrows indicate ﬁducial marks.
Dots lines are perpendicular to the femoral and tibial shaft.
Figure 2. Change of T2/T2*/contrast-enhanced T1 values on the medial
femoro-tibial joint.
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Purpose: In recent years, delayed gadolinium enhanced MR imaging
of cartilage (dGEMRIC) and T2 mapping, as non invasive diagnostic
techniques, have been used to evaluate the quality of articular cartilage
of the knee. However, these techniques are rarely applied to other joints,
such as the ankle. The purpose of this study were to evaluate the articular
cartilage lesion due to the chronic lateral ankle instability using dGEMRIC,
and correlate between MRI and arthroscopic examination.
Methods: Two cases of anterior taloﬁbular ligament (ATFL) reconstruction
using gracilis tendon graft, which were operated for the chronic lateral an-
kle instability, were examined. After injection of the gadolinium, dGEMRIC
was performed to show the color image of the articular cartilage layers
of distal tibia and talus, pre and post operation. GAG concentrations of
cartilage lesions were calculated by gadolinium (MRI) concentrations.
Arthroscopic examination was performed prior to ATFL reconstruction
with ICRS articular cartilage injury grading system.
Results: In both cases, cartilage lesion could be detected using dGEM-
RIC before the operation. GAG concentrations of cartilage lesions were
lower than surrounding normal cartilage and showed yellow to orange
color image. Arthroscopic ﬁndings showed ICRS grade II and grade III
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cartilage injury, which were also observed in dGEMRIC as low GAG
concentration areas. In one case with grade III cartilage injury, drilling was
performed as a mesenchymal stimulating method to form ﬁbrocartilage.
Conclusions: This study suggested that dGEMRIC had the potential to
detect the cartilage lesions of the ankle even in an early stage. For the
clinical application of cartilage repair techniques, our evaluation method
using MR imaging may be useful for observing the maturation process
and long-term durability of reparative cartilage non-invasively.
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Purpose: The purpose of this study were to evaluate the time course
change of glycosaminoglycan (GAG) content after high tibial osteotomy
using delayed gadolinium enhanced MR imaging of cartilage (dGEMRIC)
and to detect biochemical response of articular cartilage due to alignment
change after the surgery.
Methods: Fifty year old male patient who had HTO due to secondary
osteoarthritis was examined using 1.5T MRI. Before the operation,
femorotibial angle was 186 degree. Gadlinium was injected two hours
prior to MRI and appropriate walking was ordered. T1 value which repre-
sent GAG content was calculated and color image of articular cartilage
layer according to GAG concentration was made. Opposite side of the
knee was evaluated as a control. ICRS grading of the articular cartilage
was performed arthroscopically at the time of opening wedge HTO using
TomoFix system.
Results: The post operative femorotibial angle was 165 degree. We
evaluated the articular cartilage of the latelal compartment, because
medial compartment was already worn out. The cartilage was divided
into two layers; low GAG content superﬁcial layer and high GAG content
deep layer. On the other hand, only high GAG content area was observed
in the control. Arthroscopic ﬁndings revealed ICRS grading of medial
compartment to be grade IV and lateral compartment to be grade II
and III, which were observed in MRI in the same way according to
the GAG content. The GAG content decreased 9.7% at 3 months after
the operation, and recovered to the pre ope level at 6 months after the
operation.
Conclusions: dGEMRIC had the potential to evaluate the extracellular
matrix of articular cartilage after high tibial osteotomy non invasively.
Reversible change of GAG content was observed after surgery using
dGEMRIC, which indicates extracellular matrix may have self remodeling
process after biomechanical changes.
416 MAGNETIC RESONANCE IMAGING AS A STRUCTURAL
REFINEMENT TO THE AMERICAN COLLEGE OF
RHEUMATHOLOGY CLINICAL CLASSIFICATION CRITERIA
FOR KNEE OSTEOARTHRITIS
M.A. Cimmino, G. Minetti, M. D’Auria, B. Bartolini, M. Parodi,
E. Silvestri, G. Garlaschi. Clinica Reumatologica, DI.M.I., Universita` di
Genova, ITALY
Purpose: To evaluate the correspondence between knee ﬁndings by MRI
and the deﬁnition of osteoarthritis (OA) based on the ACR clinical criteria.
To evaluate if any such criteria is associated with a speciﬁc MRI pattern.
Methods: Forty-six consecutive patients aged 50 years or more referred
by their GPs to a radiology department because of non-traumatic knee
pain underwent MRI using a dedicated low ﬁeld (0.2T) machine. MRI
results were compared against the ACR criteria for knee OA.
Results: Patients with knee pain fulﬁlling the ACR criteria showed more
severe synovial ﬂuid effusion (OR 6.2, 95%CI 2.02 to 19.1), cartilage
lesions in the medial area (OR 2.4, 95%CI 1.2 to 5) and higher mean
number of osteophytes (OR 2.3, 95%CI 1.1 to 4.5). The association
between single criteria and MRI features was more difﬁcult to establish.
Nonetheless, crepitus at joint movement was associated with synovial
ﬂuid effusion (p = 0.02); bone enlargement was more frequent in patients
with lesions of the posterior cruciate ligament (p = 0.002), extrusion of the
medial meniscus (p = 0.004) and osteophytes in the medial tibia (p = 0.04).
Conclusions: The ACR clinical criteria identify patients showing the most
important features of OA. The good agreement between clinical ACR
criteria and OA pathology depicted by MRI supports the adoption of these
criteria in the clinical and research settings.
417 AN OPTIMIZED SCORING SYSTEM (GUSS TM) FOR
EROSIVE OA OF THE INTERPHALANGEAL FINGER JOINTS
ALLOWS QUANTIFYING DESTRUCTION AND REPAIR OF
CONNECTIVE TISSUES
G. Verbruggen, R. Wittoek, B. Vander Cruyssen, D. Elewaut. Ghent
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Purpose: Introduction. Erosive OA of the interphalangeal (IP) ﬁnger joints
(ERIPOA) is characterized by sudden destructive episodes. Characteristic
of this condition is the nearly total disappearance of the joint space and
erosive resolution of the subchondral bone plate. Reconstruction of the
affected tissues occurs at the same time or later resulting in remodelling
of the whole joint with obvious apposition of bone at the joint margins.
Methods: 60 patients with ERIPOA currently participate in a therapeutic
trial (Adalimumab (Abbott) in ERIPOA). On admission in the study, all
these patients showed at least one IP joint in the erosive ‘E’ phase
described previously (Verbruggen G et al. Arthritis Rheum 1996). Pos-
teroanterior radiographs of the hands were obtained at the start of this
prospective study and after 6 and 12 months. At present 40 patients
ﬁnished the study. On the pictures collected so far, destruction as well as
repair of the affected IP joints became evident.
Results: Changes typical for the destructive events in the ‘E’ target joints
were deﬁned as the appearance of osteolytic areas in the subchon-
dral bone. A disappearance of the joint space may precede or occur
simultaneously with these erosive changes. Alternatively, a destruction
of the subchondral bone plate may lead to the creation of a pseudo
joint (Figure, A). From these observations, 3 variables were retained to
grade the severity of the changes on the radiograms: the proportion of
the subchondral bone showing osteolytic areas, the relative amount of
the subchondral bony plate resorbed by osteoclastic activity, and the
disappearance of the normal joint space, either by the loss of the articular
cartilage or by the destruction of the subchondral bone plate and the
appearance of a pseudo joint.
Changes typical for remodelling and repair of the affected tissues in
‘E’ or ‘R’ target joints were deﬁned as disappearance of the osteolytic
areas in the subchondral bone, in addition with the reconstruction of the
subchondral bone plate. The latter went along with the reappearance of a
well-deﬁned joint space. Together with an obvious bony outgrowth at the
margins of the remodelling IP joints, 4 variables were retained to grade
remodelling on the radiograms (Figure, B).
Fig. Series of pictures of IP joints showing mainly erosive (A) or regener-
ative (B) changes, respectively. Radiograms taken with 6-month intervals.
Experienced readers distinguished destructive and remodeling IP joints.
The presence of normal subchondral bone, identiﬁable subchondral plate
and apparent joint space of the IP joint was estimated on a 10-point
incremental Lickert scale ranging from 0 to 100. Changes in joint width
of the IP joints, relative to the diameter of the diaphysis of the ﬂanking
phalanges, were measured. Values for the separate items were summed
up to obtain a global anatomical score. Good intra- and interreader
correlation for these scores were obtained by the readers.
Conclusions: ERIPOA is a useful model to study the effects of drugs
promoting the repair of connective tissues within periods of 6 months.
